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J Why UHYV Silicon Carbide Power Devices?
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Ratings of SiC and Si Devices
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= Maximum Voltage and Current Ratings of UHV SiC Bipolar
Devices significantly higher than theoretical capability of Si

= Further SiC offers unprecedented margins from failures



Two kinds of UHV Bipolar Devices being

funded by ARPA-E
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e Voltage >13 kV
e Current >50 Amp

e Operating Frequency >10 kHz
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Key GTO Thyristor Innovations

Mesa etch for High Voltage/Yields
Double-level metal for Low V,

High turn-off gain Interdigitated
designs




Forward Blocking Voltage I-V Curve
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Ultra-high Voltage On-wafer Chars.

H <1808Y H 1000-3000Y H J06-500Y B 50N60-2500Y E >5500Y

Automated measurements
and statistical analysis
conducted on 6.5 kV SiC
Thyristors. >85% yield on
8.8X8.8mm devices

N
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On-State vs Temperature Curves

Forward |-V vs. Temperature [Tek 371B, Ig = 100mA]
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Near-Theoretical On-State I-V curves obtained
Record Lowest Differential On-Resistance obtained



6.5kV, 40-80 A SiC Thyristor Deliveries

Y)GeneSiC

SEMICONDUCTOR

GA040TH65

Silicon Carbide Thyristor

Applications

= Grid tied Solar Inverters

= Wind Power Inverters

= HVDC Power Conversion

= Litility scale Power Conversion
= Trigger circuits/|lgnition circuits

Features

= 8500 V Asymmetric 5iC NPMP Thyristor

= 150 °C operating temperature

= Robust compact fully scldered package

= SOT-227 (IS0TOF) base plate form factor
= Fast tum on characteristics

= Lowest in class Q /1, ...

Maximum ratings

GATE A
TEUEERR™

caneon

Vo = 6500 V

| =

Q,=1.8uC

40 A

Parameter Symbol Conditions Values Units
Repetitive peak forward voltage Vi T =25°C 6500 ')
Repetitive peak reverse voliage - T, =25°C 50 \
Maximum average on-state current — T.=120°C 40 A
RMS on-state current sy T =120°C 8o A
Wafer 15
Type Position | APP Serial # | Assembled | Rag |Vag @ 10mA ReverseBV_HV Notes | Forward
THO04/05 4x4mm Style 3| R-2-1 3860 10/11/2010 | Inf 2.6V -6.97 pA at -6.48 kv
THO04/05 4x4mm Style 3 | R-2-2 3847 10/11/2010 | 3.80 oV -6.44 pA at -6.5 kV Short G-A
THO04/05 4x4mm Style 3| R-3-1 3848 10/12/2010 | Inf 2.6V -9.57 pA at -6.46 kv
THO04/05 4x4mm Style 3 R—B—ZJ 3861 10/12/2010 | 0Q oV -5.03 pA at -6.48 kV Open G-A
THO04/05 4x4mm Style 3| R-4-1 3862 10/12/2010 | Inf 2.6V -14 81 pA at -6 46 kV
THO04/05 4x4mm Style 3 | R-4-2 3846 10/12/2010 | Inf 2.6V -2.34 pA at -6.46 kv
THO04/05 4x4mm Style 3| R-4-3 3849 10/13/2010 | 1 4k 2.6V -3.34 pA at -6.46 kv
THO04/05 4x4mm Style 3| R-5-1 3850 10/13/2010 | Inf 2.0V -19 uA at-648 KV
THO04/05 4x4mm Style 3 | R-6-1 3842 10/13/2010 | Inf 2.7V 2773 pA at-6.37 kV
THO04/05 4x4mm Style 3| R-7-1 3843 10/14/2010 | Inf 2.6V -28.46 uA at -6.47 kV
THO04/05 4x4mm Style 3| R-7-3 3844 10/14/2010 | Inf 2TV 2827 pA at-6.13 kV

>85% Yields obtained
on 6.5kV/80 A
Thyristors

Almost 450 packaged
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Thyristors delivered

Detailed Test Data,
Wafer maps, Full
Wafer-level, on-
wafer, package-level
traceability covered

Full Datasheets
created/offered
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Power Conversion Applications
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Options: Multilevel vs Two-Level

Converters
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From: Franquelo et al.
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FACTS and HVDC — HV, Thermal, HF limits
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GeneSiC’s offerings/under development

SiC Schottky Rectifiers
= 1200V-1700V: 1-50A
= 3300V-10 kV: 50-20A

e SilGBT/SiC Rectifiers
= 1200V-1700V: 35-300A
= 3300-6500V: 20-100A

e SiC SuperlTs
= 1200V-1700V: 35-300A
= 3300V-10kV : 20-100A
e SiC Thyristors/PiN
Rectifiers
= 6.5kV:25-100A
= 13kV:25-100A
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GeneSiC Nationwide/Worldwide

Distributors/Sales Rep

YGeneSiC

SEMICONDUCTOR

dedicatediopower

Silicon Carbide Products Silicon Products

GeneSiC Semiconductor Distributors and
Sales Representatives

-

sentatives

e Aggressive Sales

and Marketing
strategy adopted

Largest network of
Sales
Representatives
Blue-chip
distributors
Chip-level and
packaged level
distribution
network/ logistics



Example of FACTS Element: SST
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For such high power levels, a direct tap into ship bus may be required

(bus voltages: 4.16 kV, 6.6 kV and 13.8 kV)

Lack of availability of high voltage (>4.5 kV) devices key limitation

towards solid state power conversion
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